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Abstract: The paper presents several types of thermal barrier type ceramic layers and the variations concerning 
their porosity and adherence related with their chemical composition. The structural and compositional 
characterization of the obtained layers was performed by electron  microscopy, one of the most relevant 
investigation methods in order to choose the optimum composition for the external layer deposited on copper 
devices. The effect of quick thermal shock on the samples porosity and on chemical elements distribution along 
the layer’s thickness was also taken into account. 
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1. Introduction  
The ceramic protection coatings, also named TBC (thermal barrier coatings), aim the 
prevention of rapid deterioration of metallic components following to corrosion and erosion 
processes by reduction or even elimination of the chemical attack of the surfaces due to 
working environment’s chemical agents, especially at high temperatures (in some cases over 
1000°C).  
The thermal barrier coating system is made of a bond coat, an oxide coat - TGO 
(thermally grown oxide) and an external thermally insulating coat. In most cases, the bond 
coat is MeCrAlY (Me = Ni or NiCo) or modified platinum aluminate coat.  
The bond coat must be as compact as possible in order to ensure the oxidation 
resistance and the corrosion resistance at high temperatures; these properties are guaranteed 
by the formation of an adherent oxide coat – TGO. The former appears following to oxidation 
of the aluminium existing in the bond coat. It is also necessary to ensure a good adherence 
between the metallic bond coat and the ceramic external coat. 
At the present day, the composition of external ceramic layers is limited by phasic 
modifications, with direct implications on the thermal stability at extreme temperatures, that 
can lead to coat fragmentation due to high temperature erosion.  
Thus, it is very important to find new solutions regarding the composition of the 
thermal barrier layer system, in order to increase their adherence, the corrosion resistance and 
thermal shock resistance.  
On this line, multilayered coatings, having a compositional gradient between the 
metallic support and the ceramic layer, in order to restrict the coating exfoliation, represent a 
new solution for metallic parts protection. Such multilayered protections, obtained by arc 
plasma spray, are superior to duplex layers thanks to the improvement of thermal and 
mechanical properties in thermal cycling and high temperature conditions. 
 
2. Coatings selection  
Some samples have been investigated in order to compare their structures and 
compositions, having the following bond coatings and external coatings (table 1): 
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Table 1 
No.   Sample No.   Bond coating   External coating  
1   C 1   NiCoCrAlY   ZrO2 + 8%Y2O3  
2   C 13   NiCoCrAlY   ZrO2 + 7%Y2O3  
3   C 59   NiCoCrAlY   ZrO2 + 24%MgO  
4*   C 61   NiCoCrAlY   ZrO2 + 24%MgO  
*Sample no.4 – C61 was submitted to quick thermal shock, at 800ºC 
 
 
3. Experimental results  
 
Sample C 1 
 
 
Fig.1. Secondary electrons image of copper support,  
bond coat and external coat, x 400, sample C1  
 
 
The figure 1 presents a secondary electrons image of the whole sample with bond coat 
NiCoCrAlY + external coat ZrO2 + 8%Y2O3 .  
In the image’s left side is the copper support, than we can observe the grey thin bond 
coat and, to the right, the external coat.  
The bond coat does not present microfissures, discontinuities, the adherence at the 
support being satisfactory. On the contrary, the ceramic external layer has an important 
porosity, discontinuous fissures but also a continuous one. Thus, the bond coat/ceramic layer 
adherence is weak, the latter being in danger to come off. 
It can see an abrupt decrease in copper concentration when passing from the support to 
the coatings and, as expected, a raise of the nickel and chromium content in the bond coat. 
Zirconium and the other elements presents a slight variation in the external layer. 
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Sample C 13 
 
 
 
Fig.2. Secondary electrons image of copper support,  
bond coat and external coat, x 200, sample C13.  
 
The figure 2 presents a secondary electrons image of the whole sample with bond coat 
NiCoCrAlY + external coat ZrO2 + 7%Y2O3 . In the image’s left side is the copper support, 
than we can observe the grey thin bond coat and, to the right, the external coat.  The bond coat 
does not present microfissures, discontinuities, the adherence at the support being satisfactory 
excepting some small zones.  
The external ceramic layer presents a small number of porosities and discontinuous 
fissures. Thus the adherence is superior to that of the bond coat/external layer in sample C1. 
We can observe a raise of the copper content, by diffusion, and a significant raise of 
the nickel and chromium content in the bond coat. Zirconium and other elements presents a 
quite uniform distribution in the external ceramic layer. 
 
Sample C 59 
 
 
Fig.3. Secondary electrons image of copper support,  
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The figure 3 presents a secondary electrons image of the whole sample with bond coat 
NiCoCrAlY + external coat ZrO2 + 24%MgO. In the image’s left side is the copper support, 
than we can observe the grey thin bond coat and, to the right, the external coat.  
The bond coat presents dimensional nonuniformities, a small volume of porosities, but 
nevertheless the adherence at the support is satisfactory. The external ceramic coat presents 
porosities, but no microfissures.  
The quality of the ceramic layer is satisfactory. It is to be noticed the diminution of the 
copper content when passing from the support to the coats and an uniform distribution of the 
zirconium along the external coat. Magnesium and oxygene also have uniform distributions. 
 
 
Sample C 61 
 
 
Fig.4. Secondary electrons image of copper support,  
bond coat and external coat, x 200, sample C61  
 
The figure 4.a presents a secondary electrons image of the whole sample with bond 
coat NiCoCrAlY + external coat ZrO2 + 24%MgO. The sample was submitted to the quick 
thermal shock, at 800ºC. In the image’s left side is the copper support, than we can observe 
the grey thin bond coat and, to the right, the external coat.  
The bond coat presents dimensional nonuniformities, a small volume of porosities, but 
nevertheless the adherence at the support is satisfactory. The external ceramic layer has some 
porosities but no fissures, its quality being satisfactory. We can notice, comparing to the 
sample with the same materials, non-treated, a reduction of the porosity, meaning a raise of 
the compactity of the coating material. 
It is to be noticed the diminution of the copper content when passing from the support 
to the coats and a less uniform distribution of the zirconium along the bond and external coat. 
Magnesium and oxygene also have less uniform distributions, apparently suffering a 
segregation process along the external layer. 
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4. Conclusions  
Following to the investigations and interpretation of the obtained results, we can make 
the further assessments:  
1. The bond coat generally have a good adherence, even in the absence of the 
compositional similitude with the support material, copper. In isolated zones there is the 
possibility for the bond coat to come off; nevertheless, this possibility is low, beacause there 
are only isolated pores and not fissures.  
2. The sample containing 7% Y2O3 in the external layer (C13) presents higher 
characteristics of the external layer as against the sample containing 8% Y2O3. It is 
nevertheless hard to estimate that these differences are due exclusively to the layers 
composition, taking into  
account the much to small variation between the two, and not also to a change in their 
deposition conditions.  
3. Ceramic layers ZrO2Y2O3 have smaller dimensions pores as against ceramic layers 
ZrO2MgO.  
4. Porosity lowers after quick thermal shock for the samples with ZrO2MgO external 
layer.  
5. After the quick thermal shock, the distribution of the chemical elements in the 
external layer changes, the layer becoming non-uniform, following to the temperature raise 
and the migration by diffusion of the elements.  
6. The ceramic layer ZrO2Y2O3 has prove itself to be superior to the ceramic layer 
ZrO2  
MgO, thus confirming the theoretical data that indicates it the most resistant ceramic layer. 
 
 
References  
 
[1]Ciofu Florin, Nioaţă Alin – Densification of Al2O3 powder using spark plasma sintering 
(SPS) - Annual session of scientific papers “IMT ORADEA – 2006” – Oradea, 18 – 19 Mai, 
2006, ISSN 1583-0691, pag 817-822. 
[2]Ciofu Florin, Nioaţă Alin - Technological bases of the preparation, structure and 
properties of powder steels sintered by electric contact heating of annular specimens - A XI-a 
ediţie a Conferinţei ştiinţifice a Facultăţii de inginerie, cu participare internaţională, Tg-Jiu   
3-4 Noiembrie 2006, ISSN 1842-4856, pag. 87-92. 
[3]Ciofu Florin, Nioaţă Alin  - Electric rolling of powder materials with a dielectric phase - A 
XI-a ediţie a Conferinţei ştiinţifice a Facultăţii de inginerie, cu participare internaţională, Tg-
Jiu   3-4 Noiembrie 2006, ISSN 1842-4856, pag. 93-96. 
[4]Ciofu Florin, Nioaţă Alin - Properties of various textured fabricated by spark plasma 
sintering - The 13
thInternational Conference of  Nonconventional Technologies 17-18 Mai 
2007(ICNcT2007), Iaşi , România, publicată în Revista de Tehnologii Neconvenţionale, nr.3, 
Editura PIM, ISSN – 1454-3087, pag. 11-14. 
[5]Ciofu Florin, Nioaţă Alin - Model for the consolidation of ultrafine refractori metal 
powder - The 13
thInternational Conference of  Nonconventional Technologies (ICNcT2007), 
Iaşi , ISSN – 1454-3087. 
[6]Ciofu Florin, Nioaţă Alin – Phase composition of electrospark tungsten carbide-based 
coatings after heating and isothermal soaking - „IMT ORADEA 2007”  ISSN 1583 – 0691.                                  Fiabilitate si Durabilitate - Fiability & Durability    no 1(7)/ 2011 
                                Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 
 
 
 
 
24
[7]Ciofu Florin, Nioaţă Alin - Mechanics of powder material compaction - „IMT ORADEA 
2007”  ISSN 1583 – 0691, pag. 1274-1279. 
[8] Gurrappa, S.,Sambasiva Rao, A., Thermal barrier coatings for enhanced efficiency of 
gas turbine engines, Surface and Coatings Technology, vol. 201, Issue 6, 4 December 2006, 
pp. 223-227;  
[9] Manoliu, V., Coşmeleaţă, G., Stefan, A., Ionescu, G., Multilayered ceramics within the 
cogenerative system in the power industry, 6th International Symposium of Croatian 
Mettalurgical Society SHMD’2004, Šibenik 2004, June 20-24, Solaris Holiday Resort, 
CROATIA;  
[10] Manoliu, V., lonescu, G., Ştefan, A., Principles regarding the thermal tests of the 
malerials in extreme conditions, 7th International Symposium of Croatian Metalurgical 
Society, SMHD 2006;  
[11] Kwon, J.Y., Lee, J.H., Jung, Y.G., Paik, U., Effect of bond coat nature and thickness 
on mechanical characteristic and contact damage of zirconia-based thermal barrier coatings, 
Surface and Coatings Technology, vol. 201, Issue 6, 4 December 2006. 
[12]Vida – Simiti, I.,  - Materiale poroase permeabile sinterizate, Editura OID-ICM, 
Bucureşti,  1992 
[13]Vida-Simiti, I. ş.a. Prelucrabilitatea materialelor metalice, Editura Dacia, Cluj-Napoca, 
1996. 
[14]Vida-Simiti, I., -Proprietăţi tehnologice şi metalurgia pulberilor, Editura Enciclopedică, 
Bucureşti, 1999. 
[15]Voicu,M., Amza, Gh,  Tehnologia Materialelor, Editura Didactică  şi Pedagogică, 
Bucureşti, 1981. 
[16]Wyszynski N. M.,  The FEA Approach to Temperature Fields and Heat Transfer in 
Powders (SLS) by ANSYS Environment, Solid Freeform Fabrication Symposium, August 2-4, 
Austin-Texas, SUA 2004; 
[17]Yamamoto K., Kujime S., Takahara K., Properties of nano-multilayered hard coatings 
deposited by a new aip-ubms hybrid coating system, 9
-th International Conference on Plasma 
Surface Engineering, September 13 – 17, Garmisch-Partenkirchen, Germany, 2004. 
 